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AN ENDOSCOPE WHEREIN ELECTRICA1 
COMPONENTS ARE ELECTRICALLY 1SQLATFD 
FROM PATIENT-ENGAGING COMPONENTS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to endoscopes for use in surgical arts, and is directed 
more particularly to electronic endoscopes. 

2. Description of the Prior Art 

Endoscopes, which are instruments used to inspect cavities or openings, 
have found a great number of applications in medicine and other technologies, 
in the field of medicine, the use of endoscopes permits inspection of organs, or 
other biological specimens, for the purpose of inspecting a surgical site, 
sampling tissue, and/or facilitating the manipulation of other surgical instruments, 
usually with the objective of avoiding invasive and traumatizing surgical 
procedures. 

Older conventional endoscopes used in medicine have an objective lens 
unit at their distal (forward) ends which transmits an image of the area forward of 
the objective lens unit to the proximal (rear) end of the endoscope for viewing in 
an eye-piece, >the image being transmitted to the eye-piece via an image 
forwarding means in the form of a relay lens set, or an optical fiber bundle unit. 
In more recent years, in place of the eye-piece and at least part of the image 
forwarding means, it has been preferred to provide a small size solid state video 
imaging device, such as one constituting a CCD chip, in the imaging plane of the 
objective lens, and applying the output of that video imaging device via a suitable 
electronic transmission system to a video monitor for viewing by a user. With 
both types of image transmitting and viewing arrangements, a surgeon can view 
the displayed image and use the information conveyed by that image to 
manipulate the endoscope and other surgical instruments that have been 
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inserted into the patient via another incision or opening in the patient's body. In 
the case of endoscopes that incorporate a solid state video imaging device, the 
image seen by the objective lens unit can be observed in a display provided by 
the video monitor, with or without magnification. 

in U.S. Patent Application Serial No. 08/319,886, filed October 7, 1994, in 
the names of Koichiro Hori, et aL, there are shown and described optical, 
electronic and mechanical components of a contemporary endoscope. 

In the case of endoscopes that do not have electronics in the tube which is 
inserted into the patient, there are minimal problems with current leakage that 
might adversely affect the patient. However, in the case of endoscopes that 
have a solid state imaging device and/or other electronic or electrical 
components embodied in the insertion tube portion of the endoscope, there is 
the possibility of current leakage. In one form of electronic endoscope, the 
insertion portion comprises a dual tube construction, with the solid state imaging 
device and other electronic or electrical components being mounted in the 
innermost tube of the dual tube insertion portion. The possibility of a patient- 
injuring current leakage is particularly grave in the case where an electrified 
instrument, e.g., an electrified cauterizing instrument, is used in proximity to the 
endoscope. The possibility of a patient-injuring electrical current flow when using 
an endoscope is a problem in need of solution. 

SUMMARY OF THE INVENTION 

A general object of the invention is to provide an endoscope wherein 
components which contact a patient, i.e., an outer tube and an inner tube distal 
end portion, are electrically insulated from electrical components in the 
endoscope. 

A more specific object of the invention is to provide an endoscope wherein 
the outer surface of the insertion portion of the endoscope is electrically isolated 
from electrical components in the endoscope. 
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A further more specific object of the invention is to provide an endoscope 
wherein a patient-engaging inner tube distal end portion of the endoscope is 
electrically isolated from electrical components in the endoscope. 

With the above and other objects in view, as will hereinafter appear, a 
feature of the present invention is the provision of an endoscope comprising 
inner and outer tubes, the inner tube housing electrical components therein. An 
electrically insulative sleeve is disposed on the inner tube for electrically isolating 
the outer tube from the inner tube and the electrical components therein. Also 
an electrically insulative means preferably is disposed between a major portion 
of the inner tube and a distal end portion of said inner tube to electrically isolate 
the inner tube distal end portion from the inner tube major portion and the 
electrical components therein. 

The above and other features of the invention, including various novel 
details of construction and combinations of parts, will now be more particularly 
described with reference to the accompanying drawings and pointed out in the 
claims. It will be understood that the particular device embodying the invention is 
shown by way of illustration only and not as a limitation of the invention. The 
principles and features of this invention may be employed in various and 
numerous embodiments without departing from the scope of the invention. 

RR1EF DESCRIPTION OF THE DRAWINGS 

Reference is made to the accompanying drawings in which is shown an 
illustrative embodiment of the invention, from which its novel features and 
advantages will be apparent. 

In the drawings: 

FIG. 1 is a fragmentary elevational view of the insertion portion of an 
endoscope illustrative of an embodiment of. the invention; 

FIG. 2 is a distal end elevational view of the insertion portion shown in FIG. 

1; 
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FIG. 3 is a fragmentary sectional view in elevation taken substantially along 
line 3-3 of FIG. 2, and 

FIG. 4 is a proximal end elevational view of the dual tube insertion portion 
shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figs. 1-3, it will be seen that an illustrative embodiment of the 
invention comprises an endoscope insertion portion 2 that includes a cylindrical 
outer tube 10 open at a distal end 12 thereof. Typically, a proximal end 14 of the 
outer tube 10 extends into a suitable support (not shown) in the form of a 
housing, mounting frame, or handle, such as the one shown and described in 
U.S. Patent Applications Serial Nos. 08/319,886, filed October 7, 1994 by 
Koichiro Hori et al (Attorney Docket No. OKTA-1) and 08/545,927 filed October 
20, 1995, in the name of Koichiro Hori (Attorney Docket No. OKTA-6). The 
disclosures of those patent applications are incorporated herein by reference. 

Mounted within the outer tube 10 is a cylindrical inner tube 20 . A distal end 
22 of inner tube 20 terminates in substantially the same plane as the distal end 
1 2 of the outer tube 1 0. A proximal end 24 of the inner tube 20 extends beyond 
the proximal end 14 of the outer tube 10 and is mounted to the same housing , 
mounting frame or handle (not shown) as outer tube 10. Although not shown, it 
is be understood that that tubes 10 and 20 are electrically insulated from one 
another where they are attached to their support (i.e., the housing, mounting 
frame or handle, not shown). 

The inner tube 20 is smaller in diameter than the outer tube 10 and is 
mounted in the outer tube 10 so as accommodate a plurality of optical fibers 28 
that are used to transmit light to illuminate surgical site in front of the endoscope. 
At their rear ends fibers 28 project out of the proximal end 14 of the outer tube 
10 and are collected in a bundle in a protective sheathing 32, preferably of a 
flexible electrically-insulating, water-impermeable material such as polyethylene 
or silicone rubber, thereby forming an optical fiber cable. Preferably the proximal 
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ends 34 of fibers 28 are captured in a ferrule 36 (FIGS. 1 and 2) that serves as a 
connector for the optic fiber cable whereby that cable can be connected to a 
suitable light source (not shown). The proximal end 14 of the outer tube 10 may 
be provided with an entry flange 16 to facilitate connection thereof to the 
aforementioned support. The inner surface of tube 10 at the junction with flange 
16 is preferably curved so as to minimize abrasion or stressing of the optical 
fibers. 

At their rear or proximal ends the two tubes are somewhat eccentric to one 
another so as leave a crescent shaped area 26 (fig. 4) to permit the bundle of 
optical fibers to be spread out to a more generally annular pattern, whereas at 
the front (distal) ends of tubes 10 and 20 the two tubes are generally cylindrical 
and the fibers 28 are more or less uniformly distributed about the periphery of the 
inner tube, as shown in Fig. 2, whereby light is projected forwardly from the distal 
end of the endoscope in a substantially uniform pattern around the 
circumference of the dual tube insertion portion, so as to better illuminate a 
surgical site. The distal ends 30 of the fibers 28 may (but need not) be bonded 
to one another by a suitable cement, such as an epoxy resin. However, the 
fibers 28 are locked in place in the gap between the two tubes 10, 20, with their 
distal ends 30 being optically polished and preferably terminating substantially 
flush with the plane of the distal end 12 of the outer tube 10, as shown in FIG. 3 

Referring.Jo FIG. 3, it will be seen that the inner tube 20 includes first and 
second tube sections 42 and 44 that are aligned and disposed proximate each 
other end-to-end. The first inner tube section 42 comprises an elongated major 
portion of the inner tube 20 and the second inner tube section 44 comprises a 
distal end portion of the inner tube 20. The distal end 22 of the second inner 
tube section 44 is exposed around the periphery of a window 38 (hereinafter 
described) and thus is subject to contact with a patient. 

Mounted within the distal end 22 of the inner tube section 44 are a 
transparent window pane 38 and a discrete objective lens unit shown 
schematically at 46. It is to be noted that window 38 is not essential to the 
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invention and may be omitted, in which case the front surface of the objective 
lens unit serves as the window. Detail of the objective lens unit are omitted from 
the drawings since the form of that unit is not critical to the invention. Moreover, 
various the construction and function of such units are well known in the art, as 
exemplified by U.S. Patents Nos. 4,488,039; 4,491,865; 4,745,470; 4,745,471; 
4,832,003; 4,867,137; and 5,122,650 and the patent applications cited above. 

Also mounted within inner tube 20 is a solid state video imaging unit 
represented schematically at 40. Other electronic means (not shown) associated 
with the solid state imaging means also may be mounted within inner tube 20. 
Details of the video imaging unit and associated electronic components are 
omitted from the drawings since such the form of such units is not critical to the 
invention and the construction and mode of operation of such units are well 
known in the art, as exemplified by U.S. Patents Nos. 4,488,039; 4,491,865; 
4,867,139; and 5,166,787 and the patent applications cited above.. 

An electrically insulative sleeve 50 (FIG. 3) is affixed, as by heat shrinking, 
on the inner tube 20, covering the whole of the first elongated major section 42 
and at least a portion of the second section 44 of the inner tube. The sleeve 50 
preferably is made of a high dielectric strength polyester that is capable of 
shrinking when heated, and has a wall thickness of about .001 inch. An 
electrically insulative fitting, preferably in the form of a ring 52, fills the gap at the 
distal end 54 of the insulative sleeve 50 between fibers 28 and the distal end of 
inner tube section 44. The ring 52 preferably is made of a high dielectric 
strength material, such as a polymerized epoxy resin. 

At the distal end 56 of the first elongated major section 42 of the inner tube 
20 there may be provided a threaded metal fitting 58 for receipt of an internal 
component, such as a relay lens (not shown). Disposed between the first and 
second inner tube sections 42 and 44 may be an electrically insulative fitting 60 
which may abut the metal fitting 58, if such is present. Fitting 60 also abuts the 
inside surface of insulative sleeve 50. Fitting 60 preferably is of a high dielectric 
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strength material so as to electrically isolate the two inner tube sections 42 and 
44 from one another. 

The parts of the endoscope which are electrically conductive and which 
come into contact with the patient, i.e., the distal end section 44 of inner tube 20 
and the outer tube 10 are electrically insulated and isolated from the major 
section 42 of inner tube 20 and the imaging device 40 and other components 
(not shown) mounted within the inner tube section 42. Thus, if the outer tube 10 
and/or the inner tube distal end section 44 should come in contact with an 
electrically energized tool, e.g. a cauterizing tool or similar device, those 
insulated elements cannot form parts of a closed electrical circuit that includes 
inner tube section 42 and the patient. Moreover, if so desired, the inner tube 20 
may be grounded, as by being in electrical communication with ground 62 (FIG. 
1), which may be video or case ground. Such grounding can aid in noise 
rejection by the imaging device 40 and its associated circuitry. 

There is thus provided an endoscope in which the possibility of excessive 
and injurious current flow to the patient via the endoscope is avoided. 

It is to be understood that the present invention is by no means limited to 
the particular construction herein disclosed and/or shown in the drawings, but 
also comprises any modifications or equivalents within the scope of the claims. 
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What is claimed is: 

1. An endoscope having an insertion portion comprising inner and outer 
tubes, said inner tube housing electrical components; and 

an electrically insulative sleeve disposed on the inner tube for electrically 
isolating said inner tube and said electrical components from said outer tube. 

2. An endoscope according to claim 1 wherein said insertion portion has a 
distal end and a proximal end and said inner tube comprises first and second 
sections in end to end relation, with said first section being electrically insulated 
from said second section. 

3. An endoscope according to claim 2 wherein an electrically insulative ring is 
disposed between said first and second sections of said inner tube. 

4. An endoscope in accordance with claim 1 wherein said sleeve is heat 
shrunken onto said inner tube. 

5. An endoscope in accordance with claim 1 wherein said sleeve is of high 
dielectric strength material. 

6. An endoscope in accordance with claim 5 wherein said high dielectric 
strength material is a polyester. 

7. An endoscope in accordance with claim 1 wherein said inner and outer 
tubes define therebetween an annular gap, and fiber optic strands are disposed 
in said gap. 

8. An endoscope according to claim 1 wherein said inner tube contains an 
objective lens unit and a solid state imaging device. 
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9. An endoscope in accordance with claim 1 wherein said inner tube is 
electrically grounded. 

10. An endoscope comprising: 

an elongated inner tube housing an objective lens unit and electrical 
components; 

an electrically insulative sleeve disposed on said inner tube and covering 
an outer surface of said inner tube; and 

an outer tube disposed around said inner tube and electrically insulated 
from said inner tube by said sleeve.. 

11. An endoscope in accordance with claim 1 0 wherein said sleeve is of high 
dielectric strength material. 

12. An endoscope in accordance with claim 1 1 wherein said sleeve is heat 
shrunken onto said elongated inner tube. 

13. An endoscope in accordance with claim 10 wherein said inner and outer 
tubes define therebetween an annular gap, and fiber optic strands are disposed 
in said gap. 

14. An endoscope in accordance with claim 10 wherein said sleeve covers 
substantially the whole outer surface of said inner tube. 

15. An endoscope in accordance with claim 10 wherein said elongated inner 
tube is electrically grounded. 

16. An endoscope comprising: 

An elongated first inner tube section housing electrical components; 
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a second inner tube section in alignment with said elongated first inner 
tube section and disposed proximate a distal end of said elongated first inner 
tube section; 

an electrically insulative sleeve surrounding said elongated first inner tube 
section along the entire length of said first inner tube section and also 
surrounding said second inner tube along a portion of the length thereof adjacent 
said first inner tube section; 

an electrically insulative fitting disposed between said distal end of said 
elongated first inner tube section and a proximal end of said second inner tube 
section, said fitting abutting an inner surface of said sleeve; and 

an outer tube surrounding said first and second inner tube sections, said 
sleeve and said fitting, whereby said outer tube is electrically isolated from said 
first and second inner tube sections and said electrical components. 

17. The endoscope in accordance with claim 16 wherein said sleeve is made 
of a high dielectric strength polyester. 

1 8. An endoscope in accordance with claim 1 6 wherein said first inner tube 
section is electrically grounded, 

19. An endoscope having an insertion portion with a distal end and a proximal 
end and comprising inner and outer tubes with a gap between said tubes; 

at least one objective unit and at least one solid state imaging device 
mounted within said inner tube, with said at least one objective unit in position to 
view the region in front of said distal end of said insertion portion; 

a plurality of optical fibers disposed in said gap for use in conducting light 
to illuminate said region; and 

an electrically insulative sleeve surrounding said inner tube for electrically 
isolating said inner tube and said electrical components from said outer tube, 
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said electrically-insulative sleeve being located between said inner tube and said 
optical fibers. 

20. The endoscope in accordance with claim 19 wherein said sleeve is of high 
dielectric strength material. 

21. An endoscope in accordance with claim 19 further including electrically 
insulative means disposed between a major portion of said inner tube and a 
distal end portion of said inner tube to electrically isolate said inner tube distal 
end portion from said inner tube major portion and said at least one solid state 
imaging device. 

22. An endoscope in accordance with claim 19 wherein said sleeve is heat 
shrunken onto said inner tube. 

23. An endoscope in accordance with claim 19 wherein said inner tube is 
electrically grounded. 
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FIG. 2 
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